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Abstract.	
The objective of the research was to determine the correlation between the 
occurrence and progression of ventricular arrhythmias as well as the increase in 
heart rate turbulence in patients at a high and very high cardiovascular risk 
according to the SCORE charts and serum levels of calcium and magnesium. 
 Materials and methods. 603 patients were examined to determine the role 
of heart rate variability in the cardiovascular continuum; 319 patients were 
examined to study the role of heart rate turbulence in the formation and 
progression of sudden death in the cardiovascular continuum based on the Holter 
monitoring. All patients were divided into 4 groups: Group 1 included patients with 
coronary heart disease without concomitant risk factors such as smoking, obesity, 
metabolic syndrome; Group 2 consisted of patients smoking tobacco for more than 
2 years; Group 3 included patients with metabolic syndrome without existing 
coronary heart disease or arterial hypertension; Group 4 consisted of patients with 
metabolic syndrome and arterial hypertension. The control group included 149 
people. In patients with ventricular extrasystoles of different degrees according to 
V. Lown’s and M. Wolf’s scale the phenomenon of heart rate turbulence was 
observed and serum levels of calcium and magnesium were determined. 
 Results. In patients at a very high total cardiovascular risk according to the 
SCORE charts a significant decrease in serum levels of calcium ions and 
significantly higher serum levels of magnesium were observed. So, we can say that 
smokers who have been smoking tobacco for more than 5 years have a 
predisposition to hypocalcaemia and hypermagnesemia. In individuals at a high 
cardiovascular risk, there is a tendency for hypocalcaemia. 
 Conclusions. Electrolyte imbalance (Ca, Mg) in patients with past 
myocardial infarction, risk factors for cardiovascular events and concomitant 
phenomenon of heart rate turbulence plays an important, but not fundamental 
role in the occurrence of electrical instability of the myocardium  with the 
transition to reverse or not reverse ventricular fibrillation. 
 Copyright	©	Author(s),	2016	
Galician	Medical	Journal,	Vol.	23,	No.	2(2016)	
	
	
journal	homepage:	http://ojs.ifnmu.edu.ua/index.php/gmj/ 
145	
Problem statement and analysis of the recent research 
The fight against sudden cardiac death (SCD) is one of the most important problems of the 
modern health care [1, 2]. This problem is of great importance due to losses to the society. The main 
difficulty in fighting against sudden cardiac death is to save the patients with sudden cardiac death 
[3, 4]. The existing selection criteria for primary prevention of sudden cardiac death are not 
sufficiently effective [5, 6]. In many cases, SCD is the first, but also fatal manifestation of heart 
disease, and therefore the main focus of the research is to search for risk markers and new ways of 
effective SCD prevention [7, 8, 9, 10]. In many cases the lack of clear criteria for assessing the risk of 
developing life-threatening arrhythmias and sudden death being triggered by modified (smoking, 
metabolic syndrome, hypertension) and not modified risk factors for cardiovascular disease as well 
as differentiated approaches to the application of basic methods for early diagnosis and treatment 
do not allow us to achieve desired clinical effect in terms of treating patients with cardiovascular 
disorders [6, 7, 9]. Therefore, the determination of factors and mechanisms involved in the formation 
and progression of the disease as well as the formation of the methods for diagnosis and treatment 
of ventricular arrhythmias, reverse ventricular fibrillation and prevention of sudden cardiovascular 
death on the basis of these data is of great relevance for practical medicine [9, 10]. 
 There are several models of assessing the total cardiovascular risk. They were created on the 
basis of prospective studies. The following is a brief description of the most well-known models for 
determiation of the total cardiovascular risk. The Framingham Risk Score is the first model used to 
estimate the total cardiovascular risk. It was developed based on the longest prospective study (the 
Framingham Heart Study, 1949-1984 ) conducted in Framingham (USA). The study included 5,209 
men and women. Due to this project risk factors were identified - coronary heart disease (CHD), 
stroke, sudden cardiac death and heart failure. American scale of risk assessment allows us to predict 
the fatal and nonfatal CHD cases within the next 10 years, both in men and women. It was applied 
to a cohort of white Americans and African Americans, and New Zealand. The predicted risk has two 
gradations: low (<20%) and high (>20%). The value of 10-20% is rated as average, and the level of 
more than 40% is referred to a very high risk. To calculate the risk, 5 factors are taken into 
consideration, two unmodified (age and gender) and three modified (smoking, the levels of systolic 
blood pressure and total cholesterol). Within 15-20 years the Framingham Risk Score was used not 
only in America but also in European countries. A variant of this model was adapted for Ukraine too, 
however, it did not find the widespread application in practical medicine. Hereafter, European 
experts have published works, which analyzed the advisability of the Framingham Risk Score in the 
European population. For example, its application during the British Regional Heart Study led to an 
overestimation of the absolute risk of coronary death by 47% and the total rate of fatal and nonfatal 
coronary events - by 57%. 
 The mathematical model PROCAM in the form of a computer program CERCA (the Coronary 
Heart Disease Risk Score) provides much more accurate data for determining the total risk. The 
model was developed on the base of the results of a prospective study PROCAM (Munster, Germany) 
and assesses the risk of complications of coronary artery disease (myocardial infarction, sudden 
death) in the next 8 years in men and in postmenopausal women. To calculate the total risk in this 
model significantly more risk factors are used: 3 unmodified (age, past myocardial infarction, 
hereditary comorbidity) and 6 modified (smoking status, the levels of systolic blood pressure, total 
cholesterol, triglycerides, high-density lipoproteins (HDL), presence of diabetes mellitus). Low-risk 
individuals were considered those with score less than 20%, high-risk individuals - over 20%. 
Depending on the total risk the program displays an information on target levels of cholesterol, HDL 
and LDL, triglycerides. This scale is widely used in the research, because it is more informative, 
especially in patients with multiple risk factors, for example, those suffering from metabolic 
syndrome. In several multicenter research trials to assess the effectiveness of generic drugs as 
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surrogate endpoints, the level of predicted risk was determined according to the PROCAM model. The 
main limitation to the widespread application of this method is the fact that the program is based on 
study conducted in the German population. The dissemination of this national study to other 
populations is impractical because each nation has its own social and ethnic characteristics. 
Hereafter, the modified versions of computer program PROCAM were developed for all the European 
populations, including the population of Ukrainian. However, this model is less available for 
widespread application in routine Ukrainian medical practice due to poor computer equipment. 
 The European Cardiovascular Disease Risk Assessment Model (Systematic Coronary Risk 
Evaluation - SCORE) was developed by the experts of the European Society of Cardiology on the basis 
of prospective studies conducted in 12 European countries including Ukraine with participation of 
more than 205,000 patients. The study  had started since the end of the 1970s and lasted for 27 years. 
A 10-year risk of fatal cases of all diseases associated with atherosclerosis and hypertension was 
estimated. To calculate the total risk the following factors were considered: 2 unmodified (gender 
and age) and 3 modified risk factors (smoking status, the levels of systolic blood pressure and total 
cholesterol). Patients were considered to be in low risk if the SCORE was less than 5%. High-risk 
individual were those with the SCORE less than 5-10%; patients were considered to be in a very high 
risk if the SCORE was less than 10%.  (Table 1). In contrast to the Framingham Heart study, which 
estimated a 10-year risk of fatal and nonfatal coronary events, the European SCORE model defines a 
10-year fatal risk of all events related to atherosclerosis (including myocardial infarction, stroke, 
peripheral artery disease).  
 In 2003, there were created two tables: for countries with low risk of cardiovascular events 
(Belgium, France, Spain, Italy, Greece, Luxembourg, Switzerland, Portugal) and countries with high 
risk (all other European countries including Ukraine). In future, scales for each country on the basis 
of statistical data (lifestyle, food, etc.) are expected to be developed. 
Table 1 
European Cardiovascular Disease Risk Assessment SCORE for high-risk countries 
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 An overview of the features of three main models for forecasting the total cardiovascular risk 
showed that in Ukraine the application of the European SCORE is the most optimal and according to 
the recommendations of the European and Ukrainian Association of Cardiologists, we have chosen 
this scale. This model is convenient to use because, firstly, the detrmination of modified risk factors 
does not require significant economic costs; secondly, this scale was developed using the data from 
Ukrainian research therefore it considers social and ethnic characteristics of our country, and thirdly, 
the SCORE scale can predict the risk of possible deaths due to diseases associated with atherosclerosis 
[6].  
 Heart rhythm disturbances account for approximately 30% of lethal cases due to 
cardiovascular pathology. Half of patients with coronary heart disease die suddenly as a result of 
acute fatal arrhythmia, especially ventricular tachycardia and ventricular fibrillation (Aliot E, 
Stevenson W, Almeral-Garrote JM, et al, 2009). One of the tasks of both family physicians and any 
narrow specialists is the early detection of patients with a predisposition to sudden cardiac death [1]. 
Well-studied electrocardiographic parameters such as the number, grading and morphology of 
ventricular ectopies, variety of the QT interval duration registered by the Holter monitoring remain 
to be useful predictors of high risk when deciding on the advisability of primary prevention of sudden 
cardiac death through the implantation of cardioverter-defibrillator or antiarrhythmic therapy [9]. 
The existing selection criteria for primary prevention of sudden cardiac death are not sufficiently 
effective. The study of ECG measurements is closely associated with gastric ectopia; the analysis of 
their relationship with the autonomic regulation provides the basis for new methods of diagnosis of 
stratified risk markers. At present,  one of the ways to predict sudden cardiac death is to evaluate the 
parameters of heart rate variability and heart rate turbulence. In this regard, an important task is to 
improve the existing criteria for primary prevention of sudden cardiac death as well as to search for 
new ones; to separate patients at increased risk of sudden cardiac death 
 The objective of the research was to determine the correlation between the occurrence and 
progression of ventricular arrhythmias as well as the increase in heart rate turbulence in patients at 
a high and very high cardiovascular risk according to the SCORE charts and serum levels of calcium 
and magnesium 
  
Materials and methods 
 To determine the correlation between the occurrence and progression of ventricular 
arrhythmias as well as the increase in heart rate turbulence in patients at a high and very high 
cardiovascular risk according to the SCORE charts and serum levels of calcium and magnesium were 
determined. 
   4214 patients at the age of 35-85 years were examined during the period of 2007-2013. In 921 
patients the phenomenon of heart rate turbulence was found. 319 patients (198 men and 121 women) 
were examined to study the role of heart rate turbulence in the formation and progression of sudden 
death in the cardiovascular continuum. The predominance of men can be explained by the fact that 
due to moral and religious features of our country, men are more likely to smoke than women. It 
should be noted that the relative number of female patients with coronary heart disease until they 
reach menopause is less than that in men of their age category. The study excluded patients with 
concomitant myocardial injury (acute coronary syndrome with the presence or absence of ST 
segment elevation, secondary arterial hypertension, permanent atrial fibrillation or atrial flutter), 
autoimmune, hematological diseases, mental disorders, endocrine disorders (except for patients with 
diabetes mellitus), acute renal and hepatic failure, cancer, pregnant women, athletes, and people 
with well-developed muscles. All patients underwent inpatient treatment or were referred by 
regional hospitals to consult a cardiologist in the Ivano-Frankivsk Regional Clinical Cardiology 
Dispensary. All patients were divided into 4 groups. Group 1 included patients with coronary heart 
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disease (post-infarction cardiosclerosis) without concomitant risk factors such as smoking, obesity, 
metabolic syndrome. This group consisted of 163 persons with the phenomenon of heart rate 
turbulence (102 males and 61 females). Group 2 included patients at a very high cardiovascular risk 
according to the SCORE charts. This group consisted of 85 people with ventricular arrhythmia 
without the phenomenon of heart rate turbulence (82 men and 3 women). Group 3 included patients 
at a high cardiovascular risk according to the SCORE charts. In this group there were 118 people (63 
men and 55 women). The control group consisted of 50 (25 men and 25 women) practically healthy 
persons. When examining the control group using the Holter monitoring ventricular extrasystole was 
detected in all patients, however, the number of extrasystoles did not exceed normal values.  
 
Results 
 In patients with ventricular extrasystoles of different degrees according to V. Lown’s and M. 
Wolf’s scale the phenomenon of heart rate turbulence was observed and serum levels of calcium and 
magnesium were determined. Indicators of the concentration of calcium and magnesium ions 
concentration are presented in Table 2.  
 
Table 2 
Serum levels of calcium and magnesium ions in patients of studied groups 
 Calcium (mg/dL) Magnesium (mmol/L) 
Group 1 2.34±0.12 0.91±0.03 
Group 2 2.16±0.03 1 1.05±0.03 1 
Group 3 2.4±0.09 1 0.86±0.06 
Control group 2.29±0.04 0.9±0.01 
Notes:  
1- difference p<0.01 between the control group and study group; 
2- difference p<0.001 between the control group and study group; 
 
Normal serum levels of calcium ions are 2.02-2.6 mg/l and normal serum levels of magnesium 
ions are 0.65-1.25 mmol/l. So, the levels of these micronutrients were within physiological norms in 
all studied groups. In Group I the level of calcium and magnesium was not significantly higher 
compared to the control group. In Group II the level of calcium was significantly lower (p<0.01), and 
the level of magnesium was significantly higher (p <0.01). In patients of Group III the level of calcium 
was significantly higher (p<0.01), and the level of magnesium was not significantly lower. 
We have analyzed whether there is a difference in the concentration of calcium and 
magnesium ions in patients with metabolic syndrome and existing hypertension and without it. In 
patients with hypertension the concentration of calcium ions were significantly higher (p <0.01) and 
concentration of magnesium ions was not significantly lower. 
  
Discussion 
 Insignificantly higher serum level of calcium in patients with coronary heart disease 
compared to practically healthy persons indicated pathogenic role of calcium the occurrence of 
coronary artery spasm and progression of coronary heart disease.  Calcium is known to play a role of 
antagonist to the magnesium, therefore, patients with past myocardial infarction have a 
predisposition to hypocalcaemia and hypermagnesemia. In patients at a very high total 
cardiovascular risk according to the SCORE charts a significant decrease in serum levels of calcium 
ions and significantly higher levels of magnesium were observed. In patients at a very high total 
cardiovascular risk according to the SCORE charts a significant decrease in serum levels of calcium 
ions and significantly higher serum levels of magnesium were observed. So, we can say that smokers 
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who have been smoking tobacco for more than 5 years have a predisposition to hypocalcaemia and 
hypermagnesemia. In individuals at a high cardiovascular risk, there is a tendency for 
hypocalcaemia. 
  
Conclusions 
Electrolyte imbalance (Ca, Mg) in patients with past myocardial infarction, risk factors for 
cardiovascular events and concomitant phenomenon of heart rate turbulence plays an important, 
but not fundamental role in the occurrence of electrical instability of the myocardium  with the 
transition to reverse or not reverse ventricular fibrillation. 
  
Prospects for further research 
 In this regard, an important task is to improve the existing criteria for primary prevention of 
sudden cardiac death as well as to search for new ones; to separate patients at increased risk of 
sudden cardiac death. The determination of the heart rate variability and heart rate turbulence can 
be quite simple non-invasive and available screening method for early detection of patients with a 
predisposition to sudden cardiac death. 
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